The ALK gene fusion has been identified as a new driver gene in nonesmall cell lung cancer (NSCLC). It includes the EML4-ALK rearrangement as a recurring event that renders the tumor sensitive to ALK tyrosine kinase inhibitor crizotinib. In addition, several other fusion partners to ALK kinase domain (eg, TFG, KLC1, and KIF5B) have been identified in NSCLC. However, clinical data relevant to response in lung cancer harboring these rare ALK translocations are not fully available. A nonsmoking Chinese male originally diagnosed with "stage Ib lung adenocarcinoma" showed metastases in regional lymph nodes, pleura, and bone 1 year after surgery. The patient refused invasive tissue biopsy, and chemotherapy was administrated, which failed as a first-and second-line treatment. We then identified a rare fusion gene of ALK and Striatin (STRN) using next-generation sequencing (NGS)ebased circulating tumor DNA (ctDNA) analysis. The NGS of the patient's originally paraffin-embedded surgical tumor samples also indicated the fusion. Reverse transcriptionepolymerase chain reaction and Sanger sequencing further confirmed the results. The STRN-ALK involves the fusion of exon 3 of STRN retaining a coiled-coil domain to exon 20 of ALK containing a kinase domain. The patient was treated with crizotinib and showed excellent clinical, radiographic, and molecular response. Repetitive dynamic ctDNA analysis revealed that the fraction of molecular alterations in plasma was closely associated with response to crizotinib treatment. This is the first clinical evidence involving advanced NSCLC due to a rare STRN-ALK fusion and has been effectively treated with crizotinib.
C rizotinib, a multitargeted ALK/ROS1/ MET tyrosine kinase inhibitor (TKI), represents the standard treatment for patients with locally advanced or metastatic ALK-rearranged nonesmall cell lung cancer (NSCLC).
1 EML4-ALK is the most common ALK fusion gene in NSCLC and encodes a cytoplasmic chimeric protein with constitutive kinase activity. 2 In addition, several other fusion partners to ALK kinase domain (eg, TFG, KLC1, and KIF5B) have been identified in NSCLC, 3 indicating that ALK-rearranged NSCLC is a molecularly heterogeneous subset of lung cancer. Because of the paucity of cases reported, the treatment of patients with NSCLC harboring these rare ALK translocations including the clinical behavior, histopathologic characteristics, and ALK TKI response is not fully understood. Here, we describe the discovery of a rare striatin (STRN)-ALK fusion in a Chinese male patient diagnosed with stage IV lung adenocarcinoma using next-generation sequencing (NGS)ebased circulating tumor DNA (ctDNA) profiling, and also the first clinical evidence suggesting an excellent response to crizotinib via STRN-ALK translocation in NSCLC.
CASE
The patient is a 59-year-old Chinese male never-smoker who was diagnosed with adenocarcinoma of the right lung at the local hospital and received operative treatment in March 2013. The postoperative pathological stage was pT2aN0M0 Ib. 4 In August 2015, he was diagnosed with metastatic disease of regional lymph nodes by thoracic scan and treated with 2 cycles of chemotherapy including platinum combined with taxanes at the local hospital. In addition to symptomatic progression, the tumor developed both mediastinal and pleural lesions ( Figure 1A) . He was referred to our institution for further medical help. The serum carcinoembryonic antigen level was 77.28 ng/mL (normal, <5 ng/mL). Emission computed tomographic bone scanning showed multisite abnormal radioactivity. Lumbar magnetic resonance imaging (MRI) confirmed bone metastases at the L5 vertebral body. Additional imaging examination in other regions showed no tumor burden. Because the patient refused invasive procedures, real-time pathological evaluation and molecular phenotyping were not obtained. Thus, right lung adenocarcinoma of postoperative metastases (including regional lymph nodes, right pleura, and bone) was clinically diagnosed. Pemetrexed-based chemotherapy was started as per our protocol. Bisphosphonate was synchronously used to inhibit bone metastases. The cough improved, and a computed tomography scan after 3 cycles of chemotherapy showed stable disease. The sixth cycle of chemotherapy was administered in February 2016, at which time our patient's cough aggravated and tumor progressed as evidenced by imaging examination ( Figure 1B) .
In the absence of standard treatment in this setting, we submitted the patient's plasma for commercially available cell-free ctDNA analysis in consultation with him to uncover therapeutic targets. Targeted NGS of ctDNA (Geneseeq Biotechnology Inc) identified no aberrations of the EGFR, ROS-1, MET, HER-2, RET, RAS, or BRAF gene. However, we found STRN-ALK fusion at a 1% mutant allele frequency, MYC gene amplification, and R181C mutation of TP53 gene. The results of ctDNA revealed an atypical fusion. Therefore, we further screened the patient's previous paraffin-embedded surgical samples and confirmed the results by NGS of the tumor tissues ( Figure 2A ). Reverse transcriptionepolymerase chain reaction successfully amplified cDNA products including a fusion point from tumor samples ( Figure 2B ). Sanger sequencing revealed the fusion of exon 3 of STRN retaining a coiled-coil domain to exon 20 of ALK containing a kinase domain ( Figure 2C and D).
On the basis of molecular findings, we recommended crizotinib therapy, which was not accepted promptly. Shortly thereafter, the patient developed worsening cough, chest distress, and dyspnea. Scans demonstrated significant disease progression involving a 54 Â 51 mm mass in the mediastinum, 2 nodules on the right pleura (28 Â 19 mm and 43 Â 13 mm, respectively), and bilateral pleural effusion and inflammation, especially on the right side ( Figure 3A ). The ctDNA analysis revealed an abundance of STRN-ALK fusion increasing to 9% mutant allele frequency ( Figure 4) . He began oral intake of crizotinib (250 mg twice daily) and this treatment ameliorated his clinical symptoms significantly and promptly. Scans demonstrated significant tumor shrinkage of months (Figure 4) . Dynamic ctDNA analyses revealed that the fraction of tumor-related molecular alterations in the plasma was closely associated with tumor burden ( Figure 4A ) and carcinoembryonic antigen level ( Figure 4B) , accurately reflecting the real-time tumor response to crizotinib therapy. Currently, the patient is still receiving crizotinib treatment with good tolerance.
DISCUSSION
Postprogression tumor biopsies remain essential to both clinical care and research efforts. However, a single biopsy may not fully reflect the whole tumor biology. Under certain clinical conditions, tumor samples are not available (eg, tumor location, patient refusal for invasive procedures as in the present case). Plasma genotyping of ctDNA has the potential to facilitate rapid noninvasive diagnosis while avoiding the inherent shortcomings of tissue genotyping and repeat biopsies. Newman et al 5 have shown that the levels of ctDNA are significantly correlated with tumor volume and provide earlier response assessment than radiographic approaches. Furthermore, the diagnostic ability and specificity of plasma droplet digital polymerase chain reaction to identify specific populations with distinct targets has recently been confirmed by investigators from the Harvard Medical School. 6 These studies provide clinical support for ctDNA genetic profiling as a valuable tool in the care of cancer patients, where treatment is driven by genetic status. ALK gene fusion is a unique molecular subtype occurring in 3% to 7% of all the patients with NSCLC, 7, 8 including recurring EML4-ALK rearrangement more prevalent in young, male, and nonsmoking patients diagnosed with adenocarcinoma. 9, 10 In the patients with adenocarcinoma carrying wild-type EGFR and KRAS in Taiwan and mainland China, the incidence of such fusion is as high as 34%. 11 The patient with adenocarcinoma in the present case is a middle-aged Asian male without smoking history. He refused invasive procedures throughout the disease course; thus, the real-time pathological evaluation and molecular phenotyping could not be performed. Moreover, when further screening the paraffin slices of the resected lung cancer tissues of the patient archived at the local hospital at the first diagnosis, we found that the quality of the samples was not suitable for fluorescence in situ hybridization analysis according to pathologists' assessment. In the absence of a standard recommendation for noninvasive treatment, we recommended targeted NGS-based ctDNA profiling upon progression of secondline chemotherapy. The molecular genotyping of this patient was negative for EGFR or KRAS mutations, ROS1 rearrangements, or MET amplifications and positive for STRN-ALK fusion and TP53 mutations, which was clearly consistent with the features of ALK-positive NSCLC. This rare fusion was further confirmed by NGS of paraffin-embedded surgical tumor samples, indicating that the ALK gene fusion was an early event.
STRN-ALK fusion in NSCLC was first described in 2013 by Majewski et al 12 using kinome-centred RNA sequencing. Subsequently, this fusion type was also discovered in cancers of thyroid, 13, 14 kidney, 15 and colon. 16 The STRN-ALK fusion was reported to involve intrachromosomal translocation of exons 1 to 3 of STRN to exons 20 to 29 of ALK within the short arm of chromosome 2 (2p22.2 and 2p23, separated by w7.7 Mb). [12] [13] [14] [15] [16] The fusion site of this patient was consistent with previous studies (Figure 2 ). To date, several other rare fusion partners of ALK (eg, TFG, KLC1, and KIF5B) have also been identified in NSCLC. 3 ALK fusions involving different partners or even different fusion points with the same partner demonstrate differential sensitivity to the structurally different ALK inhibitors. 17, 18 Both in vivo and in vitro studies indicate that STRN-ALK fusion in thyroid carcinoma responded to ALK TKI crizotinib. 13, 19 However, clinical data associated with response in lung cancer are lacking. Crizotinib treatment for NSCLC represents third-line therapy in the present case. However, the patient showed excellent clinical, radiographic, and molecular response, indicating that the tumor was driven by the STRN-ALK gene. Thus, we provide proof of principle that crizotinib should be considered in advanced NSCLC harboring STRN-ALK rare fusion, as it has been shown for EML4-ALK.
CONCLUSION
By using powerful NGS-based ctDNA profiling in a clinical setting, we were able to detect a rare STRN-ALK rearrangement in a patient with advanced NSCLC. To our knowledge, this is the first case to be described in the literature of STRN-ALK-positive NSCLC treated effectively with crizotinib. However, whether this finding represents an inherent property of this fusion protein or unique clinicopathologic characteristics in patients carrying this fusion remains to be investigated. Moreover, the patient's durable response to crizotinib and even future resistance mechanisms need further follow-up. To clearly understand the potential of crizotinib in tumors bearing an aberration of the STRN-ALK, the prevalence of this rearrangement needs to be assessed in a larger group.
